Abstract-Opportunistic networks are sparse multi-hop ad hoc networks in which nodes exploit any pair-wise contact opportunities to share and forward messages. The main challenge for this environment is that conventional routing schemes do not work properly. Among the existing Opportunistic Networks routing algorithms, the epidemic routing and probabilistic routing could provide higher delivery probability and shorter delays, but is with a large overhead, while the spay and wait routing could reduce the overhead, but is with low delivery probability and high delay. This paper proposes the Spray and Wait with Probability Choice (SWPC) routing, where continuous encounter time is used to describe the encounter opportunity; a delivery probability function is set up to direct the different number of copies to the destination during the spray phase; and a forwarding scheme is implemented in the wait phase. Simulation results show that proposed SWPC shows prominent superiority in the delivery rate, the average delay and the communication overhead, and adapted for the frequently disconnected opportunistic network.
I. INTRODUCTION
Opportunistic networks [1] [2] [3] are sparse multi-hop ad hoc networks in which nodes exploit any pair-wise contact opportunities to share and forward messages. There is not any pre-existing internet infrastructure and most of the time it does not exist a complete route from the source to the destination in opportunistic networks. Therefore, opportunistic networks have to tolerate partitions, long disconnections and topology unsteadiness in general. The main challenge for this environment is that conventional routing schemes such as DSR, AODV did not work properly.
Researchers have proposed a class of store-carryforward routing schemes [4, 5, 15] for such network environment, where a node receives packets, stores them in their buffers, carries them while moving, and forwards them to other nodes when they encounter each other. Epidemic Routing [6] is one of the first routing schemes, adopting the store-carry-forward paradigm. In Epidemic Routing, nodes act as a relay for other nodes. Each node maintains a summary vector that indicates the set of packets which it has. When two nodes encounter within their transmission range, they exchange their summary vectors to check whether any packets are available, and basing on this information, each node can determine if other nodes have some packets that previously reach this node, and then they exchange packets which they don't have in common. Thus packets are disseminated in broadcast mode, as if infectious diseases spread, and at least packets are expected to reach the destination eventually. This packet-spread will continue until all the nodes have a copy of the packet or its TTL (time-to-live) expires.
Although, Epidemic Routing achieves eventual delivery of 100% of messages, but it makes no attempt to eliminate replication, and the high delivery rate is at the expense of the network resource consumption, such as store buffer space and transmission bandwidth. Performance of ER will get worse when the network traffics congest. In order to reduce the overhead of flooding and improve ER's performance, several historybased or utility-based routing have been proposed. There, each node maintains a utility value for every other node in the network, and nodes forward packet copies only to nodes with a higher utility by at least some pre-specified threshold value for the destination node. Utility-based schemes make better forwarding decisions than randomized routing like ER. Nevertheless, they are still flooding packets. Furthermore, it is difficult to choose an appropriate threshold.
Spray and wait [5, 7, 10] combines the speed of ER with the simplicity and thriftiness and reliability of direct transmission [16] , and makes an effort to perform fewer transmissions by controlling the number of packet copies in spray phase and utilizing direct transmission in wait phase. The operation of Spray and Wait consists of two phases: the spray phase and the wait phase. In the spray phase, when a node generates a packet, it makes L copies of the packet, and spreads it to relay nodes. When a node meets the other node, the node checks L . If L is larger than 1, then the node sprays / 2 L copies of the packet to its neighbor and revises L . When there is only single copy left, it comes to the wait phase starts and the direct transmission routing is used to send the single copy to the destination directly, each of N nodes carrying a message copy performs the direct message transmission until it successfully delivered the message to the destination. While in some scenarios with some kind of mobility model (like community-based mobility), the direct transmission based wait phase has low efficiency in delivery delay and probability. To address this problem, the Spray and Focus [5] has been proposed to enhance the ability of SW routing. The spray phase in the SF adopts the same message dissemination scheme as the Spray and Wait routing and the utility-based forwarding is similar to the Seek and Focus [2] , which is used to improve the delivery probability.
ProPHET [8] presents an estimation-based forwarding scheme to direct the messages to the destination node. The basic operation of ProPHET is similar to that of Epidemic. When two nodes meet each other, they exchange their summary vectors and delivery
of the nodes. The delivery predictability is stored in the internal delivery vector and updates whenever nodes meet each other. If a pair of nodes does not contact each other for a certain time, the deliver predictability will be reduced. The delivery predictability in the summary vector is used to make a forwarding decision for the packets delivery. For example, if the node a frequently meets the node b , and the node b has frequent contact to the node c , then the node c probably is a good node for forwarding packets destined for the node a . A packet is transferred to the other node with the higher delivery predictability to the destination in this way.
However, ProPHET is a single copy forwarding based scheme, and the limited copy may result in the performance with limitation of the initial probability distribution. How to utilize the wait phase with an efficient single copy forwarding scheme and how to make an optimal decision for spraying the copies in spray phase are open issues.
In this paper, we propose the Spray and Wait with Probability Choice (SWPC). The main contribution of the proposed method is to 1) use encounter time to describe the encounter opportunity and change the discrete-time signal into the continuous-time signal, 2) give different numbers of exchanging copies to the nodes according to their delivery probabilities to the destination in the spray phase, and 3) directly deliver the only copy to the node with a higher delivery probability to destination in the wait phase. We show that the proposed scheme has gotten better performance in delivery rate and communication overhead compared with other routing protocols. The rest of the paper is organized as follows. The network model is describe in Section2, and then we give an overview and detail information of our algorithm in Section 3. We evaluate our scheme through simulation in Section 4 and draw a conclusion in Section 5.
II. NETWORK MODEL
This paper considers the probabilistically contacted opportunistic networks where the networks consist of nodes representing portable wireless devices held by moving elements such as people or vehicles in a community. 
Ⅲ. DESIGN OF SPRAY AND WAIT WITH PROBABILITY CHOICE
In the original spray and wait routing, it is assumed that each node moves equally frequently to every location on the giving scenario, and all nodes have the same mobility characteristics, namely, every node's mobility process is identical and independently distributed from all others. Recent studies based on the mobility trace from realistic networks shows that the realistic wireless networks act more like the social networks, where mobility is based on the community. Each node has its own small community, and it moves preferentially for the majority time inside the community zone (e.g., the library or a school building on a campus). In the spray phase of original Spray and Wait routing, for every message originating at a source node, L message copies are initially spread -forwarded by the source and possibly other nodes receiving a copy to L distinct "relays". An optimal Spray and Wait scheme--Binary Spray and Wait (BSW) is proposed in [5] to speed up the spray phase and improve the routing performance, where any node has n>1 copies hands over half copies to its encountered node until n=1. However, If the relay is a very inactive node, which might have never contacted with other nodes, handing over half the copies to such a node means half copies will probably not be transmitted to the destination, that is, half of the relay chances will be wasted. In order to tackle this problem, we introduce a novel scheme to the spray phase, where we set up a delivery probability to the destinations for every node as the Prophet routing does, and exchange different numbers of copies to the nodes according to their delivery probabilities
，node a will hand over half its copies to node b, otherwise, it will only hand one copy to node b. The delivery probabilities are updated as follows.
(1) Whenever a node is encountered, the delivery predictability is updated as Eq.1, where init P is an initialization constant. It is recommended in [6] that the referential value of init P is 0.75. 
(3) Transitive affection is shown in Eq.3, where β is a scaling constant that decides how large impact the transitivity should have on the delivery predictability. It is recommended in [6] that the referential value of β is 0.25. 
The proposed alogrithm doesn't rely upon the encounter numbers to set the delivery probabilities as the Prophet, which doesn't consider the successful rate of the packets delivery. In fact, in the real opportunistic network, the encounter communication range, moving speeds of nodes vary according to time, and nodes encountering doesn't promise the delivery of packets. Using encounter time to describe the encounter opportunity is a more precise way. So we revise Eq.2 as follow, where b is a constant, and t is the time that has elapsed since the last encounter time. 
Compared Eq.2 and Eq.4, let
, t a b P a b t ku P 
and then Eq.1 can be revised as follow: 
In this way, we change the discrete-time signal into the continuous-time signal, therefore, the noise, which is introduced by different encounter communication range and moving speeds, can be removed as a filter does.
In the wait phase of the original Spray and Wait, a node with last one copy has to wait until it encounters the destination, the node will not hand over the last copy to any node that might have more chances to encounter the destination, so it might waste some opportunity. In this scheme, we make an effort to let nodes exchange SV (Summary Vector) once a node with the last one copy encounters a node, if the encountered node has a larger delivery probability, then the node will hand over the last copy to it. The flow of the scheme is shown in Fig.2 . 
Ⅳ. SIMULATION AND ANALYSIS
This section evaluates the performance of the proposed routing by modifying and developing the traditional Spray and Wait routing in the ONE [12, 13] simulator, which was made by Helsinki University and provided the map of Helsinki city area.
The main simulation environment parameters are listed in Table 1 . We assume that there are three different nodes that may generate and receive messages. They are pedestrians, bicycles and vehicles. The details of the simulation parameters are listed in Table 1.   TABLE I Among these routing protocols, the bigger buffer size and the bigger network size show the better performance of all protocols, and the performances of SNW and SWPC are better than PRO and EP. That is resulted from the use the limited number of copies among these routings. The SNW and SWPC use more copies than the others, and as the buffer size increases, SWPC performances better than SNW, that thanks to the third scheme in the proposed SWPC by directly delivering the last one copy to the node with a higher delivery probability to destination in the wait phase. 5 describes the average delay as the buffer size is varied. All the routing protocols achieve lower average delay as the buffer size increases, and the proposed SWPC performances better than the other three routing. This is resulted from the schemes used in our routing protocol. Firstly, we use continuous encounter time to describe the encounter opportunity, that makes it more precisely to describe the encounter opportunity, and secondly, we give different numbers of exchanging copies to the nodes according to their delivery probabilities to the destination in the spray phase, this brings more chances for the packets deliver to the destination, and finally, packet copy is directed to destination node deliberately in the wait phase. The average delay of all four routings is constantly decreasing as the number of total network nodes increases. The reason for this is that the opportunity to encounter between any two nodes is increasing as the network changes from sparse to dense. And also, because of using the "store-carryforward" delivery mechanism, it needs more relay nodes to store, more transmission and more time to send packets to the destination as the number of the hops to the destination node increase. The figure shows that the network average delay is on the rise when the network size is in less than 50 nodes. This is due to the sparse network environment and few relay nodes involving. Network size increasing results in relay hops increasing, and finally average delay increasing. When the network's size is larger enough (e.g. >50), the flood-basing routing scheme can take advantage of the dense nodes to exchange messages rapidly, so as shown in fig.7 , the average delay is constantly decreasing, and the proposed Spray and Wait routing with Probability Choice algorithm has the lowest network average delay and better performance because of the third merit of the proposed algorithm, which directly delivers the only copy to the node with a higher delivery probability to destination. Fig.7 shows the overhead of all routing protocols under different buffer size. As the buffer size increases, the network overhead of all these four routing is constantly decreasing. Epidemic has the highest overhead because of random flooding packets, and SNW has the lowest overhead due to limited number of copies. The proposed SWPC performances better than EP and PRO in terms of overhead, The reason lies in the fact that the SWPC uses the limited number of copies and directs the copies to destination according to their delivery probabilities. Compared with SNW, although the proposed SWPC has shortcoming in terms of the communication overhead, but the other two merits, including delivery rate and average delay, is better than SNW. In some opportunistic networks scenario and some delay tolerable applications, delivery rate and average delay is much more important than the overhead.
Ⅴ. CONCLUSION
In this paper, we propose the Spray and Wait routing with Probability Choice (SWPC) for opportunistic networks. In SWPC, encounter time is used to describe the encounter opportunity, a delivery probability function is set up to direct the different number of copies to the destination during the spray phase; and the last one copy is directly delivered to the node with higher delivery probability to destination in the wait phase. We also use encounter time to describe the encounter opportunity, and change the discrete-time signal into the continuous-time signal. This helps to describe the encounter opportunity more precisely. We evaluate the proposed SWPC routing under the ONE simulator in different scenarios, simulation experiments show that the proposed SWPC outperforms the other routings in terms of the delivery rate, the average delay. Compare with SNW, although its overhead is relatively high, but its other two merits make up the shortcoming. The analysis shows that the proposed SWPC specially adapted for the frequently disconnected opportunistic network. The further study will lie in how to improve the performance by using the efficient buffer strategy and lower the communication overhead. How to determine the number of copies and other relative parameters will also be considered.
